INTRODUCTION
Radioactive gaseous iodine (131I) released from nuclear facilities is one of the most important radionuclides in an environmental radioactive pollution. Iodine is accumulated in the thyroid glands of animals and human beings. In order to estimate the correct radiation dose by the ingestion of this nuclide through crops or vegetables, there are several parameters to consider. Transfer rate of air borne radioactive iodine from atmosphere to the vegetation, referred as velocity of deposition`), is one of these parameters and has been measured by several workers' -8 If it is true, the radioisotope must be accumulated in the plant to a certain extent. However, actually there is no information on the transfer rate of this radionuclide to Tradescantia and therefore it has been re quired to measure the parameter under various experimental conditions. According to a surveilance study"), the dominant chemical species of 131I immediately after being released from stacks of nuclear facilities to the atmos phere is supposed to be organic iodine such as methyliodide (CH3I). However, it was reported that inorganic iodine in the atmosphere increased with increasing distance from the nuclear sites23). Narutomi stated in his review") that in the atmosphere far from the nuclear plant stacks, inorganic form of iodine amounted to a half of the total. As Castleman indicated"), this may be due to the formation of inorganic iodine as a result of decomposition of organic one by heat and light in the atmosphere. So, in this paper, discussion is focused on the transfer rates of both chemical forms of gaseous iodine, methyliodide and elemental iodine (I2), to Tradescantia. The difference of deposition process observed be tween those two chemical forms is also briefly described.
MATERIALS AND METHOD
Tradescantia Ohiensis (T. Ohiensis): T. Ohiensis (KU-7 clone) was submitted to the experiment. This clone is one of the species of Tradescantia, which was used for the low level radiation monitoring around a nuclear power plant by Ichikawa and Nagata21). T. Ohiensis has several clusters consisting of about 30 buds of different growth stages. Each cluster usually produces one or two flowers a day. There are generally six stamen in one flower having several tens of stamen hairs composed of several tens of giant cells. It is known that the stamen hair completes its cell formation by 7 days before efflorescence26). The giant cell in a stamen hair changes its color from blue to pink if being suffered by radiation damage in the initial stage of cell formation. Therefore, the radiation damage is easily identified. In order to know the deposition rate, the distribution and the movement of iodine in the plant, the clusters were divided into two groups before iodine exposure. One was completely covered with polyethylene film and the other uncovered.
Iodine exposure: Exposure of gaseous iodine to the plant was carried out using the exposure chamber system reported previously by Nakamura and Oh momo9). This chamber system consists of an exposure space having an inner volume of about 3 m3, an air circulation system and gas sampling devices. Mete orological conditions such as temperature, humidity, wind velocity and light intensity are controlled as needed. Gaseous stable iodine, CH3I and 12, were generated by natural sublimation at room temperature from purified liquid methyliodide and iodine crystal, respectively. The plant was exposed to gaseous CH3I and 12 in the chamber room for 3 and 6 hours under the temperature of 26 ± 1°C, the humidity of 50 ± 20% and the wind velocity of 0.2 m/sec, re spectively.
Check of opening and closing movement of stomata: Just after exposure the condition of stomata was examined qualitatively with a microscope using the replica developed by Suzuki's universal micro-printing method. This is be cause the opening and closing movements of stomata are related to the transfer rate of gaseous iodine to the plant.
Iodine determination: Exposure experiments were carried out using stable gaseous iodine. The instrumental neutron activation analysis (INAA) was applied to the determination of this element. After exposure, the buds in a cluster were separated into two groups, big buds (less than 7 days before efflorescence) and young buds (more than 7 days before efflorescence), and submitted to the deter mination together with leaves. Each sample having the wet weight of 100 to 300 mg was heat-sealed in polyethylene film and irradiated with the neutron flux of approximately 2 x 10' 2 n/cm2.sec in Japan Atomic Energy Research Institure (JAERI) reactor for 2 to 5 minutes. Iodine-128 (half-life: 25 min.) was measured by a Ge(Li) detector just after the irradiation and the amount of iodine in the plant sample was determined. The detection limit of iodine was about 0.1 µg.
RESULTS AND DISCUSSION
Transfer rate (R) is defined as follows, This definition is slightly different from that usually referred as "velocity of deposition"'). The latter is defined essentially for deposition phenomena such as fall-out of dust-like particles and is not always suitable for perfectly gaseous materials. So, in this paper, we adopted the transfer rate in place of velocity of deposition. Fig. 1 shows the amount of CH3I deposited on T. Ohiensis at exposure time (t). The sublimation rate of CH3I was so fast that it was dis tributed uniformly in the chamber in a short time. In addition, CH3I hardly deposits on the inner wall of the chamber and the concentration of this com pound in the atmosphere was kept constant at 0.41 µgI/cm3 during exposure. As can be seen from Fig. 1 , the amount of CH3I transferred to T. Ohiensis increases proportionally to exposure time (t). Table 1 shows the transfer rates of CH3I to young buds, big buds and leaves of the plants. The standard devia tion of deposited iodine in each sample criterion was estimated as less than 10%. As shown in the table, iodine was found even in the covered buds. Besides, . Circles and squares show the "uncovered"
and "covered" groups , re spectively.
Open and closed marks correspond to light (straight line) and dark (dotted line) during exposure experiment, respectively. YB, BB and L are sample criteria, indicating "young buds", "big buds" and "leaves" , respectively. The transfer rate of methyliodide to T. Ohiensis, especially to young buds, was calculated to be 2 x 10-3 cm3/g.sec. The transfer rate calculated from the leaves is higher than that of the young buds, but it is slightly smaller than those obtained previously for spinach leaves'). This discrepancy may be due to differ ences in the leaf structure such as the number density of stomata per unit weight of plants or the respiration activity of the plants.
Gaseous elemental iodine (I2) is readily recrystallized and deposited on the surfaces of the inner wall of experimental equipment. Therefore, a different analysis from methyliodide is needed to interpret the results of 12 exposure experiments. The experimental data on the deposition of elemental iodine to the plant are listed in Table 2 . Column 6 of the table shows the ratio of the averaged amount of iodine deposited per unit weight of T . Ohiensis to sublima tion rate of iodine (Ls/Ei). Under the experimental conditions , the values (Ls/ Ei) have been proved to be nearly a first order function of exposure time (t) as formula (2)"0). Transfer rate (R) is calculated from the inclination and the intersection on t-axis illustrated in Fig. 2 . The coefficient a was experimentally obtained in the previous work as about 5 .46 hr-' ' °)Average transfer rates of elemental iodine calculated using the above formula are shown in column 7 in Table 2 .
Transfer rates of 12 are generally larger than those of CH3I for every experi mental condition. In addition, transfer rates to the "uncovered" group are con siderably larger than those to the "covered" one. This implies that the contribu tion of direct deposition of 12 to the plant surfaces is significant. This will be indirectly supported by the fact that the observed transfer rates show a large dispersion and the standard deviation of the amount of iodine deposited to samples reaches up to 20%. This large dispersion may be attributed to the differ ences in surface morphology of the plants and/or in the configuration of the plants in the atmosphere. As can be seen from the table, the transfer rate to the leaves was approximately ten times higher than those to the buds. This also supports the suggestion. Leaves have wider surface area per unit weight which is effective for deposition process than buds do. The higher value of transfer rate to big buds than that to young ones observed for the "uncovered" group shows the possible higher order transport mechanism of iodine in the plant.
The transfer rate of 12 onto T. Ohiensis, especially to young buds which are the most sensitive to low level radiation, was estimated as approximately 7 x 10-2 cm3/g.sec, according to the results of the "uncovered" group. The loss of iodine from the plant was also examined. Though not shown in a table nor in a figure, the loss rate was much smaller than 5% a day. This indicates that the biological half-life (tb) of iodine is longer than the physical half-life of 1311 . When 1311 is released from nuclear facilities into the atmosphere, and the concentration of the nuclide in the air (Ca) is kept in a steady state during a certain period, the concentration of 131I in T. Ohiensis can be expressed by the formula (3) shown below; There are, however, some points to be noted in estimating the accumulation process of iodine in the plants. This experiment was carried out under the drastic conditions of extraordinarily high concentration of gaseous iodine. Under these conditions physical and biological changes sometimes appeared in the plants. For example, uncovered flowers of T. Ohiensis fade slightly during exposure and incomplete opening of stomata was recognized microscopically. So there is a possibility that the amount of iodine, at least iodine absorbed through stomata, may give lower values than the real. Relocation of iodine from the leaves to the buds should be taken in mind because the amount of iodine deposited to the leaves was as much as ten times higher than that to the buds. More experiments on the relocation of the nuclide in the plants must be required.
Transfer rates of CH3I and 12 from air to the young buds of T. Ohiensis were determined as 2 x 10-3 cm3/g.sec and 7 x 10-2 cm3/g•sec, respectively. Methyliodide is mainly absorbed through stomata and distributes almost uni formly in the whole plant. The contribution of direct deposition of 12 was 0.5 to 2 times higher than that of the absorbed one. The ununiform distribution of 12 in the plants suggests the complex transport mechanism of the compound.
